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INTRODUCTION 
The development of protective coatings for corrosive 
materials requires a knowledge not only of the physical pro-
perties of the coating, but also the nature of the interaction 
of the coating with substrate and the affinity of the metal 
oxide, coating interface for water. Water plays an essential 
role in the corrosion of iron (1). The growth of rust layers 
on ferrous metals in the atmosphere where water vapor is pre-
sent, or the retention of water by certain soils are additional 
examples. In addition, an understanding of the iron oxide-
water system should provide insight into the broader problem 
involving adsorption of polar gas on an ionic solid. The 
experimental approaches used to study the surface properties 
of materials require high-surface-area, small-particle-size 
samples. Mossbauer spectroscopic and X-ray diffraction 
techniques have shown that ~-Fe 2o3, Fe3o4 , Y-FeOOH, and FeOOH 
are present as corrosion products on iron exposed to atmos-
pheric condition (2). 
Although a large body of literature exists in the area 
of gas adsorption on metal oxide surfaces, relatively little 
has been published for the adsorption of gases on iron oxides. 
Previous investigations in this Laboratory by McCafferty and 
Zettlemoyer (6) studied the interaction of water vapor with 
o(-Fe2o3 using heat of immersion (3), dielectric techniques 
(4) (5), and adsorption thermodynamics. They concluded (7) 
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that water vapor chemisorbs on bare ~-Fe 2o3 by a dissociative 
mechanism to form two hydroxyls per water molecule, the 
hydroxyl group adsorbing on a surface FeJ+ ion and the proton 
forming a second hydroxyl with an adjacent surface o2- ion. 
The first layer of physically adsorbed water vapor o~ the 
hydroxylated substrate is localized by double hydrogen bonding 
of a single water molecule to adjacent hydroxyl groups, as 
was shown by energetic, thermodynamic, and dielectric argu-
ments. The multi-layer adsorption was proposed to develop 
in an ordered ice-like structure. Blyholder and Richardson 
(8) applied infra-red spectroscopy to the investigation of 
theo(-~e 2o3 / water system. They concluded that physically 
adsorbed water was completely removed by prolonged outgassing 
at 25°c and that underlying surface hydroxyls were totally 
removed at 475°c. Jurinak (9) investigated the interaction 
of water witho(-Fe 2o3 a~ various activation temperatures. 
He showed that about 1/3 of the o(-Fe 2o3 surface is covered 
with chemisorbed or strongly adsorbed water which, unless 
removed by high temperature activation, blocks water adsorption 
sites on the surface. Morimoto et al., (10) studied the amounts 
of chemisorbed and physisorbed water on~ -Fe2o3 . They took 
the hydroxyl groups remaining on the oxide surface into 
account and reported the ratio of the number of water 
molecules in the first physisorption layer to that of under-
lying hydroxyl groups to be about 1 : 2. 
- J -
The modifications of surface properties by addition 
surface active materials to the surface hydroxyls were 
reported on silica. Hexamethyldisilazane (HMDS) was chosen 
for this investigation because it reacts quantitatively with 
surface hydroxyls from the vapor phase even at room temperature. 
The interaction of HMDS was first reported by Stark et al., 
(11) and the reaction kinetics have been explored by Hertal 
and Hair (12) (1J). Kiselev and his co-workers (14) examined 
the reaction of trimethylchlorosilane (TMCS) with silica, as 
did Hair and Hertal (15) for all the methyl chlorosilanes. 
Zettlemoyer and Hsing (16) (17) first examined water inter-
action with silane-treated silica by NIR technique. They 
explored the possibility of the NHJ adsorption on HMDS-treated 
silica. Kiselev and co-workers (18) also investigated the 
interaction of water with TMCS-treated silicas. 
The objectives o~ this study are concerned with the 
characterization of the intrinsic surface properties of 
corrosion products, and the extent and manner in which the 
surface properties can be changed by pretreatment conditions 
such as high temperature and chemisorption of surface active 
materials. 
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EXPERIMENTAL 
The iron oxide samples used in this study were 
obtained from Pfizer Inc. A quartz spring microbalance 
(Worden Quartz Product) was employed in the gravimetric 
measurement of water adsorption isotherm. The microbalance 
shown in Figure 1 was constructed on a vibration free concrete 
pillar, and is similar in design to the spring balance of 
McBain (19), The spring specifications are that a maximum 
load of 50 mg was permitted with a sensitivity of 1 mg/ cm. 
The sample size is approximated by reducing the sample pan 
weight from maximum load. A quartz sample pan, about 8 mm 
in diameter and J mm high and possessing a thin handle, has 
an overall weight of 11 mg, permitting a sample weight of 
JO mg without taxing the Hook's law region of the spring 
constant. The sensitivity of the microbalance is determined 
by the smallest deflection which could be measured. Vertical 
deflections were measured with a standing cathetometer with 
a sensitivity of 0.02 cm corresponding to 140 ug / g sample. 
Equipped with a measuring eyepiece, this sensitivity is 
increased to 0.00014 cm corresponding to 10 ug / glsample. 
The calibration of the spring, Figure 2, was deter-
mined by measuring the spring deflection as a function of 
added weight. The linearity of the deflection vs. weight 
plot demonstrates that the balance indeed does obey Hook's 
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law in the region of a typical sample load. The slope from 
least square analysis of this calibration yielded a spring 
constant of 1.0077 mg/ cm. 
The gravimetric method of measuring gas adsorption is 
subject to three possible sources of error; (i) buoyancy, 
(ii) adsorption on spring assembly, and (iii) thermomolecular 
flow (20). Buoyancy varies throughout the adsorption measure-
ment as the vapor density changes. For a vapor of molecular 
weight of Mat a temperature T and pressure P has a density 
of (assume ideal gas) 
JJ = PM RT 
where R is the corresponding gas constant. It becomes clear 
that temperature and pressure are the only two parameters 
which affect buoyancy. Thermomolecular flow, occuring at 
low pressure (21), is also called Knudsen force (22). These 
errors were taken into account by performing a blank water 
adsorption isotherm in which the sample pan is loaded with 
a non-adsorbing tare (e.g. glass piece of negligible surface 
area). Figure J and 4 present the deflections observed as a 
function of pressure at 25°c. 
The spring housing and sample were maintained at 25°c 
throughout the adsorption isotherm measurements. Temperature 
control was accomplished with a constant temperature circulator 
(Lauda K2). Vapor pressure were measured with a 100 torr 
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capacitive differential manometer (Datametrics) with a sensi-
tivity to 10-J torr. The residual pressure of 10-6 torr was 
monitored by an ion gauge (Veeco RG-21A). 
The argon gas adsorption isotherms for specific surface 
area determination were obtained at liquid nitrogen temperature 
(-195°c). A classical BET rig, shown schematically in Figure 
5, was employed in the measurement. The vacuum residual 
-6 pressure of 10 torr was measured by an 10n gauge tube control 
unit (Veeco RG-21A). Dosing and equilibrium pressure were 
measured by a 1000 torr Datametrics Capacitive differential 
J manometer permitting a sensi ti vi ty of O, O 1 torr, Adsorbate 
gases were high purity grade and underwent final purification 
by passing the gases over clean 4oo 0c copper ribbon to remove 
residual o2 and subsequently through a trap of molecular 
sieves maintained at liquid nitrogen temperature to remove 
condensible impurities ~uch as water vapor. The gases purified 
1n this manner were helium and argon. 
Adsorbed gas volumes were caculated by application of 
Boyle's Law, 
where P0 , PE, P'E are the dosing pressure, equilibrium pressure, 
and the pressure in the sample chamber before dosing takes 
place, respectively; VD and v8 are the dosing volume and 
sample bulb "dead space" volume (determined by helium expan-
- 11 -
sion at liquid nitrogen temperature), respectively; PVADS 
is the pressure-volume product of the quantity of adsorbed 
gas, 
The total gas adsorbed at a particular pressure is the sum-
mation of the PVADS for each dose up to the equilibrium 
pressure in equation. The PVADS sum is then converted to 
volume adsorbed per gram of sample at STP (27J.2°K, 760 torr) 
by multiplying the factor 
V ADS ( cm J ( ST p) / g) = ___ ___.2 ?""'J-'-. _2 __..(_oK__.).____ PV ADS 
T (°K) 760 (torr) W (g) 
where Tis room temperature at the time of the adsorption 
experiment and Wis the weight of sample. 
i'. 
I 
Variable 
Dosing 
Volume 
Gas Manifold 
Sample Bulb 
Vacuum Line 
Differential 
. Manometer 
Immersed in 
Liquid N2 Bath 
Figure 5. Volwnetric Gas Adsorption Apparatus 
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RESULT AND DISCUSSION 
Water adsorption isotherm have been measured on ~-Fe 2o3 
and Fe3o4 samples which have been activated at 25, 100, 200, 
JOO and 4oo 0c. The experimental approach adopted here is 
designed to determine the surface hydrophilicity of iron 
oxides under different conditions of high temperature acti-
vation. The procedure measures the weight loss as a function 
of activation temperature, the water adsorption isotherms at 
25°c after activation at the specified elevated temperature, 
~ 
I and a second isotherm after activation at 25°c. I The intent 
1 
i 
l 
" i 
1 
i 
~ 
l 
i I 
1 
was to compare the weight loss results to the amount of ir-
reversibly adsorbed water after each isotherm, and also the 
decrease in monolayer capacity of the second isotherm activated 
at 25°c compared to the first isotherm which was activated at 
1 
,, the elevated temperature. Since the intrinsic surface properties 1 4 J of the iron oxide samples are sought in this approach, the 
• j specific surface area, as determined from a BET analysis of 
' argon adsorption isotherms at -195°C, was measured as a 
function of activation temperature. 
Table I and II summarize the gas adsorption results 
on~-Fe2o3 and Fe3o4 , respectively. The results show that 
the specific surface area for~-Fe 2o3 decreases nearly 
linearly with increasing activation temperature above 100°c. 
The results for Fe3o4 , by contrast, show that the specific 
surface area increases with increasing activation temperature. 
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Although there was no evidence of porosity from an analysis 
of the shape of the argon adsorption isotherm on both iron 
oxides, these results do suggest that for Fe3o4 high temperature 
activation leads to a small increase in surface porosity or 
surface roughness. 
The water adsorption results for ~-Fe 2o3 in Table I 
are shown in Figures 6 and 7, Figure 6 presents the weight 
loss, amount of irreversibly adsorbed water, and the difference 
between the first and second water adsorption monolayer value 
as a function of activation temperature. The results show 
J that the weight loss above 200°c is due to desorbed water l primarily from the bulk since it can not be accounted for 
J from the analysis of the water adsorption isotherms. The 
' ~ 
k difference are attributed to strongly adsorbed water on surface 
j 
~ 1 hydroxyl groups. The amount of irreversibly water possibly j J comes from strongly adsorbed water which was rearranged after I adsorption isotherm reached higher relative pressure, since 
the amount of irreversible water is always higher than the 
difference between the first and second isotherm in any acti-
vation temperature. The indication is that the surface 
hydroxyl concentration increases slightly with increasing 
activation temperature, If one assumes water molecules 
adsorb on surface hydroxyl groups through double hydrogen 
bonding, the surface hydroxyl concentration is 5,2 OH/ 100A2 
at 375°c and 5.6 OH/ 100A2 at 475°c by McCafferty and Zettlemoyer 
(?), An analysis of the monolayer values, which are presented 
:, 
!j 
' ;~ 
iy 
:, 
i. 
il 
·~ 
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in Figure 7 in terms of water molecules/ 100A2 as a function 
of activation temperature, is based on the assumption that a 
02 
water molecule has a cross-sectional area of 10 A • The 
monolayer values of the second isotherm, which contains only 
physically adsorbed water, stay fairly constant up to 4oo 0c 
activation. The degree of surface hydrophilicity, which is 
proportional to the surface hydroxyl concentration, appears 
to increase with increasing activation temperature. 
The Fe3o4 results, which are summarized in Table II, 
are presented in Figures Band 9, The weight loss results 
in Figure 8 indicate that the water loss at activation 
temperature above 100°c is due primarily to water loss from 
the bulk. The irreversible water and difference in monolayer 
·,\ values between the first and second isotherms are almost t > 
~. 
~ constant over the entire temperature range. The water 
.1' 
·i 
.-~ monolayer values for the first and second isotherms as a 
f function of activation temperature, Figure 9, show that 
~ the first monolayer values increase with increasing acti-
vation temperature up to 200°c followed by a decrease, while 
r. the second isotherm monolayer values decrease with increasing 
activation temperature over the entire temperature range. The 
interpretation of these results is that below 200°c, strong 
physically adsorbed water is removed, and there is evidence 
that partial dehydroxylation occurs above 200°c. 
Activation 
T oc emp., 
25 
100 
200 
JOO 
400 
Specific 
Surface 
Area (m2/g) 
10.9 
10.6 
9.8 
8.8 
8.2 
Wt. Loss 
mg/g 
o.48 
0.69 
2.77 
9.00 
Table I 
Gas Adsorption Results ono'-.-Fe 2o3 
mg/g 
2.12 
2.35 
2.42 
2.37 
2 .16 
w * ml 
molecules/ 
100 x2 
6.56 
7.44 
8.32 
9. O .3 
8.80 
w ** m2 
molecules/ 
mg/g 100 A2 
1.82 
1.87 
1.87 
1.52 
5. 78 
6.4J 
7.13 
6.20 
molecules/ 
mg/g 100 A2 
0.52 1.66 
0.55 1.89 
0.50 1.90 
o.64 2.60 
Irreversibly 
Adsorbed water 
molecules/ 
mg/g 100 A2 
o.86 
0.72 
1.03 
1.54 
2.72 
2.47 
J. 92 
6.26 
* First water adsorption isotherm monolayer at 25°c after indicated activation temperature. 
** Second water adsorption isotherm monolayer at 25°c after activation at 25°c. 
,_ 
. ·: -·-',.;;~ 
Table II 
Gas Adsorption Results on Fe 3o4 
w * w ** W -W 2 Specific ml rn2 ml rn Irreversibly 
Activation surface Wt. Loss molecules/ molecules/ molecules/ Adsorbed 
oc (m2/g) oz Temp. , Area mg/g mg/g 100 mg/g 100 oz mg/g 100 oz A A A 
25 7.2 1.82 8.46 
100 7.7 0.76 2. 15 9.41 1.77 7.77 0.37 1.64 
200 8.5 2.12 2.42 9.60 1.67 6.6J 0.75 2.97 
-JOO 8.8 9.90 1.72 6.55 1.52 5.81 0.19 0.74 
400 9.7 14.86 1.95 6.76 1.55 5.38 o.4o 1.39 
* First water adsorption isotherm monolayer at 25°c after indicated activation temperature. 
** Second water adsorption isotherm monolayer at 25°c after activation at 25°c. 
mg/g 
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0.91 
0.82 
0.97 
water 
·.· 
~ 
---.J 
b.D 
"'--.. 
b.D 
s 
.p 
...c: 
b.D 
•r-l 
Q) 
:s 
Q) 
rl p, 
@ 
U2 
0 w 
ml -W m2 
6 Weight Loss 
10 D Irreversible Water 
8 
6 
4 
2 
o ..... ________ __...___ ________ --1.. ________ ....,.....-1.,,-________ ~J..,,...----.......1 
0 100 200 JOO 00 
Figure 6. 
Activation Temperature, oc 
Adsorption results as a function of activation 
temperature for o(. -Fe 2o J. 
I-' 
OJ 
N 
o<[! 12 
0 
0 
'M 
Cl) 
(I) 10 
rl 
;:::5 
C) 
(I) 
rl 
0 
~ 
H 
(I) 
Eef 
rl 
0 
8 
§ 6 
~ 
H 
(I) 
+:> 
m 
::s: 4 
2 
0 
0 
0 Wml , First Isotherm Monolayer 
~ Wm 2 , Second Isotherm Monolayer 
100 200 JOO 
0 Activation Temperature, C 
Figure 7. Water monolayer results as a function of activation 
400 
10· 
~ 8-
--~ 
E 
.. 
...... 
.c 6 ~ 
Q.) 
s: 
Q.) 4 
CL. 
E 
ro 
l/) 
2 
0 
0 
0 Wm1-Wm2 
~ Weight Loss 
D Irreversible Water 
100 200 300 
Activation Temperature, °C 
Figure 8. Adsorption results as a function of activation 
temperature for Fe 3o 4 
N 
0 
400 
"'1 
0 <t: 
0 
0 
r-t 
" 
V') 
Q) 
=:J 
u 
Cl) 
0 
~ 
J..... 
Cl) 
>..... 
cu 
0 
C 
0 
~ 
J..... 
Q) 
~ 
cu 
s 
10 
8 
6 
4 
0 Wml , First isotherm Monoiayer 
2 • Wm2 
Second isotherm Monoiayer 
01--______ _.... _______ _._ _______ _,__ _______ .__ __ -.J 
0 100 200 300 400 
Activation Temperature, °C 
Figure 9. Water rnonolayer results as a function of activation 
temperature for Fe 3o4 . 
N 
~ 
/ 
' 
.. , 
I 
- 22 -
Although Blyholder and Richardson (8) reported in their 
infra-red study that physically adsorbed water was completely 
removed from ~-Fe 2o3 surface by prolonged outgassing at 25°c 
and most of the previous investigators (7) (9) (10) did include 
ti this in their analysis, there is no evidence of dehydroxylation 
.' 
on our ~-Fe 2o3 sample up to this point and the following HIVIDS 
treatment will support this argument. As noted by Morimoto 
et al., (10) the extent of rehydroxylation (or dehydroxylation) 
·:$ may depend upon this origin and/or history of the sample. In i 
, general, observations made on powder samples could well depend 
,,·: 
on other factors such as purity, porosity, particle size, 
nature of predominant crystal planes, degree of crystallinity 
of the surface, and nature of heterogeneities. Heat of immer-
sion and infra-red experiments as a function of activation 
temperatures will be carried out in order to verify the 
conclusions concerning qehydroxylation of water from the 
iron oxide surfaces. 
jj Another approach to hydrophobe iron oxide is by chemical 
'.)' 
I j treatment of surface. Since surface hydroxyl groups on iron 
"l 
~-
!:~ oxides are primarily responsible for the adsorption of water, 
i , . 
.11. 
the approach was to chemically treat these hydroxyls so as 
to render them hydrophobic. Silanes, in general, are known 
to react with the proton of hydroxyls whether they are part 
of the surface, or of an organic or inorganic molecule. 
Hexamethyldisilizane, HMDS, was used to treat ~-Fe2o3 
and Fe
3
o4 
- 2J -
according to the following reaction: 
H 
I 
2ROH + (CHJ)J Si-N-Si(CHJ)J 
where R represents the iron oxide surfaces. HIVIDS adsorption 
isotherms were measured onoL.-Fe 2o3 and Fe3o4 after activated 
at 100 and 4oo 0c. Water adsorption isotherms were measured 
on these samples after the HMDS treatment and the results, 
·1. with and without the HMDS treatment, are summarized in Table 
'· . 
1 III and IV. Since it is assumed that the chemisorbed HMDS 
1 occurs according to the above chemical reaction the amount 
.\ 
, .. 
of HMDS adsorbed is expressed in terms of trimethylsilicon 
02 
groups/ 100A. The irreversibly adsorbed HMDS, therefore, 
is expected to be due to chemisorbed trimethylsilicon. 
Although Zettlemoyer and Hsing (16) indicated the possibility 
of NH 3 adsorption, Blyholder and Richardson showed that NHJ 
ji upon chemisorption occupied the same surface site as tt2o 
.. :, 
,;I 
J 
_t§ 
'1: 
'~ 
M.tt. 
·1,tt 
il. 
which indicates that after HMDS reacts with surface hydroxyls, 
instead of strongly adsorbed on surface hydroxyls, NHJ stays 
on top of physisorbed water and does not contribute to the 
amount of irreversibly adsorbed HMDS. 
,~ The HIVIDS adsorption results for o<.-Fe 2o3 , Figure 10, 
./' . 
show that the adsorption is more pronounced after 4oo 0c acti-
J 
vation. The amount of irreversibly adsorbed trimethylsilicon 
was found to be 1.04 and 1.77 -Si(CH3)3 groups/ 100A
2 for the 
- 24 -
100 and 4oo 0c activated sample, respectively. 
results, on the contrary, show that HIVIDS adsorption is high 
', 
f for 100°c activation as shown in Figure 11. The amount of 
f: irreversibly adsorbed trimethylsilicon on Fe
3
o4 were 1.80 
I 0 2 0 0 and 1.55 -Si(CH3)3 groups 100A for 100 and 400 C acti-
vation. It is interesting to note that the amount of chemi-
sorbed trimethylsilicon groups is proportional to surface l hydroxyl concentration, the difference in monolayer values 
ij between first and second isotherm of untreated sample, and 
•·1 
the ratio is 1/J and 1/2 -Si( CHJ) J / -OH for ol -Fe 2o3 and 
Fe 3o4 • The indication was that the surface hydroxyls were 
modified to be -0-Si(CHJ)J on ~-Fe 2o3 and Fe 3o4 • If we 
assume one strongly adsorbed water molecule is adsorbed on 
two surface hydroxyls, it is reasonable to say that one 
02 
-O-Si(CH3)3 , with a cross sectional area of 40 A ~t most 
will be formed after removal of one strongly adsorbed water, 
which is the case for Fe3o4• 
The first and second water adsorption isotherms for 
;t; the HMDS-treated and untreated ol-Fe 2o3 
activated at 100°c 
}; 
,, )J are presented 1n Figure 12. 
?11 
The monolayer results in Table 
:;:1 III show that there ls only a small decrease in water mono-
,". 
layer value after HIVIDS treatment. The Monolayer values for 
the second isotherm shows a larger decrease, 0.87 molecules 
/ 100A2• Another significant feature of the water adsorption 
in the multilayer region for the HIVIDS treated samples. Figure 
13 presents the water adsorption isotherm for the HIVIDS-treated 
1 
)l".f 
i 
- 25 -
,, ' 
} I/ 
~ and untreated ci.-Fe 2o3 activated at 4oo 0c. The. irreversibly, 
.or chemically, adsorbed in 2,0 molecules/ 10012 reduction 
Vin first water monolayer ·value, which is in l',ood agreement, 
" ,!'i
J It is also significant to note from the water ad-sorption 
./ 
11 results in Fir,ure 13 that the amoµnt adsorbed is much less 
I 
;'. 
.:J for the HMDS-treated samp~e in the multilayer region. It 
~ ~ should be noted here ·that the difference in the monolayer 
r 
':{ val·ue of the first and second isotherm is larr,er for Jffy1DS-
··• 
' 
} treated samples than untrei1ted sample. The indication may 
he that the umbrella shape of -0-Si ( CH
3
) J f:roups do not 
completely sterically hinder first layer water adsorption 
to surface hydroxyls where 2/3 of the ori~inal adsorption 
sites remain. 'l1hey do however, interfere the multilayer 
water ad_sorption, primarily the second and third physisor.bed 
layers as inq.icated by a decrease in adsorption at hii~h 
relative pressures, Figure 12 and 13, 
The water adsorption re~ults for HMDS-treated and 
untreated FeJOLJ- activated at 100°c are presented in Fiv;ure 
14. The monolayer results, Table IV, show that there is 
a 4.16 molecules/ 10012 decrea~e in the first isotherm j monolayer values and a 4,17 molecules/ 100F decrease 
in the second isotherm monolayer values for irreversibly 
I 02 adsorbed HNIDS value of 1.80 -Si(CH3 ) 3 groups 100A , which 
is in good agreement with the concept of one -Si(CH
3
)
3 
b.locking 
two sites. There is a significant decrease in adsorption in 
l 
,_ 
- 26 -
~the multilayer region for HMDS-treated samples. Figure 15 
.; 
.'t~ 
·~presents the water adsorption isotherms for HMDS-treated and 
·I,: 
juntreated Fe3o4 activated at 4oo
0c. The irreversibly adsorbed 
:~11 
1,~DS is less for this sample, 1,55 -Si(CHJ)J groups/ 100A2, 
i·and the result is a smaller reduction in the first water 
I 02 monolayer value of 2,21 molecules 100A and in the second 
I 02 :,water monolayer value of 2.4J molecules 100A. It is also 
:: significant to note that the amount of water in the multilayer 
region for the HMDS-treated sample 1s decreased as compared 
to the untreated sample. 
Activation 
Tern£. 2 
100 
100 
400 
400 
oc 
Treatment 
after 
Activation 
none 
HMDS 
none 
HMDS 
Table III 
Gas Adsorption Results on a,(. -Fe 2o3 Treated with HMDS after High Temperature Activation 
Irreversibly 
Adsorbed 
HMDS 
Si(CHJ)J/ 
100 Al. 
1.04 
1.77 
Irreversibly 
Adsorbed 
Water 
molecules/ 
100 A2 
2.72 
o.64 
6.26 
4.17 
w * ml 
molecules/ 
mg,ig 
2.35 
2.22 
2.16 
1.67 
100 "2 A 
7.44 
7.04 
8.80 
6.80 
w ** m2 
molecules/ 
mg/g 
1.82 
1.55 
1.52 
0.76 
100 <>2 A 
5.78 
4.91 
6.20 
J.10 
Wm1 -Wm2 
molecules/ 
mg/g 
0.53 
0.67 
o.64 
0.91 
100 oz A 
1.66 
2. 13 
2.60 
J.70 
w *** m 
Si(CHJ)J/ 
100 i{ 
1.04 
J.J8 
* First water adsorption isotherm monolayer at 25°c after indicated activation temperature and 
treatment. 
** Second water adsorption isotherm monolayer at 25°c after activation at 25°c. 
*** HMDS adsorption isotherm monolayer at 25°c after indicated activation temperature. 
Treatment 
Activation after 
0 Temp., C Activation 
100 none 
100 HMDS 
400 none 
400 HMDS 
Table I\" 
Gas Adsorption Results on Fe 3o4 Treated with 
J-Il\TillS after High Ter::pera tu.re Ac ti va ti on 
Irrever~ibly Irreversibly 
Adsorbed Adsprted 
1.80 
1.55 
water 
molecules/· 
100. K 2 
2.24 
1. 41 
J.J7 
2.47 
i.'t * 
m 1 . 
molecules/ 
mg/2: 100 A. 2 
2.15 9.41 
1.20 5.25 
1. 9 5 6.76 
1.31 4.55 
w ** m2 
molecules/ 
mg/g 100 X2 
1.77 7.77 
o.87 J.80 
1.55 5.38 
0.85 2 .-95 
W -W 
ml m2. 
molecules/ 
mg/g 100 A2 
0 .J? 1.64 
O.JJ 1.45 
o.4o 1.39 
o.46 1.60 
* First water adsorption isotherm monolayer at 25°c after i.ndicated activation temperature 
and treatment. 
** Second water adsorption isotherm monolayer at 25°c after activation at 25°c. 
*** HMDS adsorption. isotherm monolayer at 25°c after indicated activation temperature. 
w *** m 
Si(CHJ)J/ 
100 x2 
2.64 
1.89 
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Figure 10. Adsorption isotherm of HMDS on ~-Fe 2 o3 after activation at 100 and 4oo
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Figure 11. Adsorption isotherm of HMDS on Fe 3o4 after activation 
at 100 and 4oo 0 c. 
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Figure 11. Adsorption isotherm of HIVIDS on Fe 3o4 after activation 
at 100 and 4oo 0 c. 
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Figure 12. Water adsorption is
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tivation 
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t pretreated HMDS. 
18 
-,-.. ''-.,;:,:·. 
\...,J 
~ 
C\l 
0~ 
0 
24 
0 20 
..-i 
4 
0 
Isotherm No. Pretreatment after 4oo 0 c 
• first none A second none 
0 first HMDS 
6 second HMDS 
0 2 4 6 8 10 12 14 
Equilibrium Pressure, mm Hg 
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Figure 14. Water adsorption isotherm on Fe
3
o4 after activation 
at 100°c and with and without pretreated HIVIDS. 
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CONCLUSION 
The gas adsorption results indicate that both ~-Fe 2o3 
and Fe 3o4 are relatively hydrophilic surfaces with Fe 3
o4 
being the more hydrophilic surface. High temperature acti-
vation of ~-Fe 2o3 above 100°c results in the desorption of 
strong physically adsorbed water which does increase slightly 
with increasing activation temperature. The strong physically 
adsorbed water is assumed to adsorb through hydrogen bonding 
with surface hydroxyls. There is no indication of dehydrox-
ylation of ~-Fe 2o3 surface at activation temperature up to 
4oo 0c and also shows signs of desorption of strong physically 
adsorbed water. The first and second water monolayer values, 
Wml and wm2 respectively, however, show a definite decreasing 
trend with increasing activation temperature. This is inter-
preted as an irreversible decrease in the surface hydroxyls 
concentration with increasing activation temperature. This 
decrease may be expressed as 8.46 water molecules/ 100A2 
for the sample activated at 4oo 0c. It is interesting to note 
that for the unactivated samples, Fe3o4 is more hydrophilic 
than ~-Fe 2o3, and for the 4oo
0c activated samples, ~-Fe
2
o3 
is more hydrophilic than Fe3o4• 
The HMDS treatment has a pronounced effect on decreas-
ing the surface hydrophilicity of both ~-Fe 2o3 
and Fe
3
o
4
, and 
probably by replacing the proton of surface hydroxyl with a 
- 36 -
trimethylsilicon group. For ~-Fe 2o3, this effect is more 
pronounced for the sample activated at 4oo 0c than 100°c due 
to the fact that the surface hydroxyl concentration is higher 
for 4oo 0 c activated sample than 100°c activated sample. The 
results for Fe3o4 , by contrast, showthat the effect of in-
creasing surface hydrophobicity is more pronounced for the 
sample activated at 100°c than 4oo 0 c which is in good agreement 
with higher surface hydroxyl concentration for 100°c activated 
sample. There appear to be a close one-to-two and one-to-three 
correlation between the concentration of irreversibly adsorbed 
trimethylsilicon and the surface hydroxyl concentration for 
~-Fe 2o3 and Fe3o4 respectively. The departure from one-to-one 
correlation is due to the steric effect and unequally spaced 
surface hydroxyls. 
Further studies of the surface properties of iron oxide 
corrosion products will continue in this Laboratory. Heat of 
immersion and infra-red spectroscopy will be carried out to 
verify the proposed· hypothesis. Also, the chemical treatment 
of the surface will not necessarily be limited to HMDS, but 
will be extended to other molecules such as silanes with 
different functional group. The samples for future studies 
will be prepared from this laboratory. 
... -.. ~--, . ..._ ,~ .... ' / ''"' . 
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